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In earlier investigati-ns at this Staticn the effect of salt
solutions upon the_weight of fish muscle had been reporsed. In
1925, J. C, Forbesl noted some weight changes taking place during
the §alting of fish under different conditions; and in 1928 R.F.
Ross®™ showed the weight changes of picces of muscle when soaked in
salt solutions of variocus concentrations. The present invest-
igations develcped from some cxperiments on salt penetraticn which
were being carried cut at the same time as Dr. Ross was invest-
igating muscle shrinkege, and shcw the effect of various ions in
the salt sclutions upon the weight of the musecle.

Methed cof Proccdure.

Picces of muscle were cut from the fillet and wcighed on a
watchglass to 0,002 grans, They werc then placed in 100 ce. of
the solution in & smell "Perfcet Scal” jar and allowed to remain
for the recquired time in a thermostatically controlled box at 10°C.
The pieces werc then removed from the solutions by means of forceps,
allowed to drain for fifitecen secconds and then weighed on a watch-
glass .

In adopting this method of handling some objecticrn cculd be
raised on account of the amcunt of liquid which remained on the
surface of the piece of fish and which was included in the weight.
After soaking in scme ¢f the sclutions, the fish became either
brittle or Blimy, and any attempt to dry off the surface by means
of cheesecloth or filter parer would cause a loss of material. It
was therefcre felt that it was better to keep tc the same method
in all cases in spite c¢f the error which was sometimes introduced.
-In every case, hcwever, the piece of fish was Gipped in the sol-
ution and allowed to drain for the fifteen seconds before the
initial weighing so that a "wet" weizht was recorded.

Some variations were found which could not be explained in
any way. TIn some cases pieces cut from fillets which appearecd to
bc similar and which had been handled in exactly tThe same manner
showed differences in percentege weight changes. In order to get
uniffgmity of material the picces were either cut from the same
fillet, cr, if that were not pcssible, from fillets obtained at the
same time and place. The picces were so cut that they were approxi-

mately of the same shape and weight.
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Unless otherwise stated all salts were of C. P. quality, and
distilled water was always uscd. The solutions were made up to an
accuracy of at least 1%. On account of the very wide variations
which were enccuntered no statement of accuracy can be made, but it
was found that when repeat ' cxperimonts were performed the relative
results were the same even though the actual figures were quite
different.

The effect of the duraticn cf storage.

Some preliminary investigaticns of weight changes showed that
the duraticn of storage cf the fish did nct cause any great vari-
ation, but an experiment was carried out to see if it were so. A
fish whiech had been dcad only a eoudblc of hours was filletted and
pieces of the muscle placcd in sealed jars at diffcrent temperatures
for forty eight hours. The different temperatures would produce
various degreces of autolysis which wculd correspond tc different
times of storage. A small crucihle cf water was placed in each jar
to keep the air saturated with water. The jars werc placed in ther-
mostatically controlled boxes at 0°, 10°, 21°, and 35° C. After
twenty four hours the picce stored at 35° was Hund to be too rotten
to use and it was discardcd. After the cthers had remained for
forty eight hours they werc removed and placed in saturated sodium
chloride sclutions, The jars were stored fcr twenty four hours at
10° C and the weight loss determined.

Table 1.
Temperature of Perccntage loss
storage C©° cf weight.
0 13.28
0] 14.56
10 10.82
10 13.89
&1 13.82
21 14.13

The results of this experiment indicated ithat the duration of stor-
age cf the fish did nct causc an appreciable change in the weight
loss. The fish used was thercfcre cbtained from local firms as
desired.
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The Effect of concentrated solutions.

When fish muscle is soaked in saturated solutions of sodium
chloride there is 2 resultent loss of weight which rapidly assumes
large proporticns. This is shown by the fcllowing experiment where
pieces ¢f muscle were scaked in saturated solutions of Malagash,

Turk's Island, and C. P, sodiun chloride. The Butions were kept
saturated by means of a layer ¢f sclid calt on the bettom cf each
jar and the jars were cccasicnally shaken to stir the solutions. The
results are shown in Table 2.
Table 2.
Percentage weight loss
Pericd cf Kind oI salt s
soaking in lMalagash C.P. Turk's Island.
hours
0.25 0.4 1.1 1.7
0.5 0.4 2.0 3.4
0.75 1.7 2.9 4.7
1«25 3.3 4,1 6.4
2.0 0.5 6.2 8.7
4,0 Ysl 9:6 12,9
0.0 10,0 A7 14.9
6.0 11.6 - 16.0
7.0 12.6 18,2 17.0
23.0 14.4 15.2 22.2
29.0 270 16.4 24,2
94.0 18,9 1745 ' 29.0
It will be seen that the fish soaked in Turk's Island salt
sclution showed o greater percentage lcss then those sogked in the
other sclutions. The reascn for this was apnergntly the presence of
galcium and magnesium in the Turk's Island salv.

The presence,cf calcium gnd magnesium in fishery salts has
been shown by Tressler® and Taylor~ to retard the penetration of sod-
ium chlcride intc the musecle. On this account it would be expected
that there would be an effect on the lcss of weight.

Pieces of fish were then scaked in saturated solutions of
sodium chloride to which were added amcunts of cZlcium chloride,
magnesium cal“rlde end sodium sulphate g¢ calculated as to be of a
strength of 0. 5@ cf the metel icn in 100 ce. of solution. Two series
were run and the results chrwn in Table 3.
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Table 3.

Percentage weight changes

Time in Icons added to sodium chloride solution
hours None. Calcium, Magnesium,. { Sulphate.
i s 14.9 LS 1845
45 - 1b.1 1758 11.4
99 i & 5 2l e 2l b T 5 P
192 1146 £ EDad 10.9
25 8.6 185:4 " 12.2 4. %
47 1150 178 19.4 i <
119 8.4 16.8 1baT 8.2
284 g i 19.2 26s1 4.4

These figures are not very sonsistent, especially those
obtained with the sodium chloride alone, but it may be seen that the
addition of the ions of dlgeium and megnesium tend to inerease the
loss of weight. -~ The effect of the sulphate ion is uncertain but it
is believed that it does not have much effect. Other experiments
with sodium sulpihate showed either & diminishing of the weight loss
or no change at all.

The results obtained with concentrated scluticns are those
of experiments which were nct done during the past year. °~ They are
included in this report to givé further information on the effect of
salt soluticns on the weight of the muscle.

The effeet of dilute solutions.

According tc the theories of Tressleésand Tayloxﬁ, when a
piece of fish muscle is soaked in salt soclutions, osmosis will take
" place, and, if the concenteation of the salt in the solution be
greater than that of the salt in the muscle, water will be withdrawn
from the fish. The salb ccneentration of fish muscle is about 1%,
80 that if osmosis alone is acting, it wculd be expected that a
piece of musele wculd gain in weight when immersed in pure water on
account of the csmotic acticon of the salt in the ruscle. The add-
iticn of salt to the water in whiech the fish is soaked should there-
fore lessen the amcunt of water taken up by the fish; and at the
voint where the salt concentration in the water is equal to the &alt
goncentration in the muscle no water should be taken up and there
should be no change in weight. Any further increase in the concen-
tration of the solution surrcunding the muscle should result in a
reduction in weight duc tc the water being remcved from the fish.

It was found that fish muscle does not behave in this manner.
When the muscle is immersed in water it does gain in weicht (about
30% in twenty four hours) as would be expected; and thé addition

O
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of salt to the water does produce a lcss in weight. When the ﬁﬂff
tonic point is reached the weight is lcwer then it was in Jure water,
but there is still & eonsidereble increase over the initial weight,
showing that a 1ot of woter has been retained by the muscle. As the
concentration of the soaking soluticn increases beycnd the isotcenie
20int the weight of the muscle increases and reaches a maximum when
the salt concentraticn is abcut Normal. An increase in salt con-
centraticn beyond normal results in a decrease in weight, until
finally the weight is less than the weight of the musecle before scak-
N his is shown by Table 4 which gives the results of an experi-
ment in which »nieces of muscle were sceked in varicus coneentraticns
of sodium chloride for twenty fcur hcurs.

Table 4

Normality Percent L
sodiun weight
ghloride change

0.00 30,0
0.17 18.9
0.E3 41.4
0.86 45,3
2,66 29.7
3,48 11.0
4,36 0.2
5.26 | -10.7

These results are shown in Figure 1,

411 the exjperiments in soaking in dilute solutions gave curves

s
similar to that shown in Fijure 1. The actual values vary ccnsid-
erably but the shale ¢f the curve is always thec same. It will be

noticed that the weight of the fish at the minirum »oint is quite a
bit greater than the criginal weight, (which is represented by O%
weizht change).

Tc find out if the meximum and ninimum points were to be found
at any definite time after immersion, the experiment was repeated
with the weishings mede at different times. The. results are given
in Table 5. It %ill be seen that at every »ericd of time the -di, was
present and the curves are a2ll similar. The shape of the curve is
therefore dependgnt union the conecntraticn and not upon the time of
immersicn.

- pe
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Table 5.

Percentage weight changes

oalt
Normality I s e hr, 4 hr. O hre 6 -hr,ied brs
0.00 9.6 13,3 19.4 21.2 1 26,9 | B1.3
0.15 6.8 9.0 12,6 14,0 1 15,8 1 20,0
0.53 IR 1%.1 23,7 25.4 | 28.3 | 47.6
135 13.4 19.9 26.3 28.4 | 31.2 1 43.0
| -~ 2,68 6.4 8.9 10.9 2.1 34.2 1807
4,00 s VAN s 4 0.8 0.8 0.3 4,8
{ B34 ~ 3,8 | 5,8 -9.1 | -9.8 | -10.6 {-10.9

Experiments were carried ocut to see if similar curves would
be cbtained when other salts than sodium chloridé were used. The
concentraticns did not exceed 1.2 W except in a few cases. The
curves obtained were all similar; The results are given in Table 6.,

Teble 6.

Percentage weight changes.

Salt Normelity of salt scolution
.0 Outbnf 0,50 | 0,60 128 1B Dk
Sodlum Chloride 29:2 11758 B0 420 e - -—

" 200 121 :0 2h 42 .4 i - -

» A 2652 - 1950 41.0 9456 | 2046 | D=0
"{Potassium Chlcride 29.2 116.7 Py 35 otk —— -- -
" i 2bee s 2e.0 ] 4485 B%1.6 | 2HeD -
Caleium Chloride 29.2 |-6.3 0.0 9.7 DU B -

. i 26 o 2 - 1.7 8.0 l.4] -9.4 1 -26.0
Barium Chloride 289 .0 Fad k56 2De i -— —— -
Magne81un Chloride 29,2 9.& | 18.6 37.6 -— - -

n 262 -- | 20.5 29:6 2o st 671 ~15.58
Scdium Svlphate A S 2R 1 2556 43,6 Eo et - -
Lithiun Sulﬂhutb 22s 7 115.8 DT e 35.4 14.0 -— -———
Ammoniunm Sul shate BB 12465 116 2246 5848 - -

It will be seen from these results that the curves are
similar, They arc nct shewn in a figure as it would be too con-
fusing. The minirmum pcint ocecur®s at the same ccncentration in al-
most every case. The figures are nct cconclusive encugh tc attribute
any variation tc the valency of the metal icn, but it will be noticed
that in general a bivalent thcn sives o smaller weight change at the
maximum an@ minimum points.



It was thought useless to carry out experiments with other selts with
bivalent or even trivalent cations as the metals wculd produce
changes in the prcteins which night mack the desired effect.

When a piece of fish muscle is immersed in water the resulting
inerease in wéicht is what one ":ight expect from osmosis. Similarly
the decrease from the weight pr~duced by pure water when small amounts
of salt arc added can alsc be explained by osmotic acticn. This does
not however give any reascn for the rise in weight to a maximum at a
salt ccncentration of 1 N nor for the decreasein weight which results
when still strcnger salt sclutions are used.

An explanation of the shape cf the curve can be found in the
amphoteric character ¢f the proteins and their sclubility. According
to Loeb (5) proteins act as amphoteric substances and are thus capable
of combining with acids and bases depending on the pH. The protein
. will be icnized tc scme extent and as there is a non-diffusible ion
present the Donnan membrane equilibrium will result in a diffusion of
ions intc the cells cf the muscle. The solubility of fish muscle pro-
teins was investigated by J. F. Logan (6) and it was found that the
solubility increased with increcasing salt concentraticn until a max-

imum was reached at ebcut 1 N. after which a further increase of
salt concentration produced o slight decrease in the solubility.

As the ccncenbtretion cf the salt soluiion in which the fish
is immersed is increased beycnd the pcint at which the dip in the
curve is shown the solubility cf the protein begins to increase and
more water is taken into the muscle. This prccess gces on until the
maximum sclubility is reached. In the meantime as the salt coneen-
tration has been increasing the osmotic force beccmes great enough to
counteract the effeect ¢f the solubility and less water enters the
muscle. This results in a smaller and smaller weight change until
finally a pcint is reached where the fcrces are balanced and there is
no change in weight on scaking. A4 still further increase in salt
- concentration greatly increases the osmotic effect,water is withdravm
from the muscle and the weight becomes less. This explanation
accounts for the shape cf the curve and why it is similar for differ-
ent selts,

Tne effect of pH.

To determine the effect of solutions of different pH two
series were prepared. Onc gave pH's from 3 to 8 and was somposed of.
mixtures of sodium hydroxide and phcsphoric acid, the proportions
necessary to give the desired pH being determined by electrometric
titration. The cther series gave pH's from 8.3 to 10.5 and was com-~
pcsed of mixtures 3f sodium cerbonate and sodium bicarbonate, the
amounts being taken from a titration cusve in Folin's Laboratory
Manual of Biologiecal Chemistry. The results are given in Table 7.
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Table 7.

Percentage weight changes,

pH ormality
Dl | 0,10 ] U.e0 | 0,00 1.00
3 26,7] «l.6 | -3.6 | -3.0 | «16.2
4 28 .8 Bl 240 ~LeD -10.1
5 28.8 G d 8.2 4.0 - Bl
6 28 .8 1845 10.6 263 73
7 £8.8 1B T 4.5 195654 ST
8 26.7 30,9 27.8 ( saturated)
8,9 28.6 204 20.9 36 .4 25,8
95 P s g 44 .4 N2 T 43.9 270
10-8 ' 25.4 A0S Sbe Lk A A

These results are shovm in Figure 2. It will be seen that at a
~pH between 5 and 9 thc curve is similar to that produced by a salt.
At a2 pH below 5 the mustle a2cts as if an osmotic effect alone was
acting, that is, the solubility of the protein does not seem to
affeet the weight, Lbove & pH of 9, the solubility appears to be
veyry marked, a maximmz point appears, but there is no minimum.
Apparently the solubility of the protein is changed by the pH.

J. F. Logan (6) and S. A. Beatty (7) found that fish muscle proteins -
existed with pH's of 5 and 6 at their isoelectric point. This
would account fos the sudden change in the shape of the curves at a
pH o 5.

The relation between the solubility of the protein
and the change in weight.

in experiment was carried out with some fish in which the amount
of soluble protein had been determined by lr. W. W. Johnston at the
Experimental Ssation dwr ing the summer 1930. The results are shown
in Taeble 8. As these fish were frozen the valwe s at the maximum
point are much greater. Higher values were always found when the
fish had been frozen before immersion.

Table 8,

Percentage weisht changes
Nitrogen in Normelity of solutions
grams per granm o
of fish 0.0 Ped e 0.63 1,20
0.0052 18.3 18.5 63.0 48 .4
0.0064 19,8 126 84.8 62T
0.0025 Bt 1.% 9.1 11.9
0.0027 11.8 -2.7 2.9 7.0




From these figures it will be seen that the higher values at
the meximum point occur with fish which have a greater amount eof sol-
uble nitrogen. This would agree with the suggestion that the max-
imum point is due to the solubility of the protein producing a force
great enough to overcomec the osmotic force.

The effect of subsbanccs which affect the solubllltv

of the profein”

It was decided to try euwperiments with urea and creatine to
see if they had any inffQllence on the solubility of the proteins which
night affect the weizsht change. Merck's white label urea and East-
man's Creatin§Hydrate were used. Glycerine and sucrosc were also
tried. The results are given in Tabtle 9.

Table 9.
Percentage weight changes.
~—

Percentage concentration of solutions.

Qe " TULERT U2 31,0 T 2.0 F 4.0 BAE 16U 32,
Urea, 22,3 -- | -—— | 22.2] 22,9} 24.8] 20.4 38.3 6.8
Creatine 2352 25.2! 24:.9’ 2692 2701 g " —— -
Glycerine 27,0 - |} == | 23.9f 28.31 88,11 21,01 16:% 6.6
SU_CI'OSG 27ao o v i S 3 50.4: 2'4:93; 2204:‘. 24;5 18.5 616

It will be seen that with urea there is a slight maximum
point at a concentration of 16%; with creatine a slight rise through-
out the eoncentrutlon rangce. It wes ippossible to use higher con-
centrations than 2% on account of the limited solubility. Glycerine

and sucrose did not show a behaviour ruch different from pure water
except that they both fell off after a2 concentration of 8%. No ex-
planation can be 6ffered for these results except the suggestion
that the solubility of the prctein is affected enough to wvercome the

osmotic force uniil very h1 &h ooneentbatlons but not enough to cause
a rise in weight.

The effect of nitrates and nitrites.

Experiments were carried out with sodium nitrite. and potass-
iun nitrate to see if inorganic nitrogen compounds had any effect.
The results are given in Table 10.

Table 10.
Percentase weight changes.

Normality of solutions. =

08 U160 §  U,.20 ! 005_4 p #4 3 240
; Lo

Sodium nitritd 25.6!

Potassium

nitrate

18.5 | 15.7 | 24.1f 48.7 { 41.0
25.6] 19.0 | 22.4 | 35.9] 28.3 |i26,2

! .
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From this table it can be seen that inorganic nitrogen compounds
do not act differently from other salts, except that the weight
change at a normality of 2.0 is greater than that found with the salts
previously used. There is a possibility that the inorganic radical
containing nitrogen mey affect the solubility of the protein, but if
this were so, one would expect the maximum point to be higher.

The effect of salts of organic acidse.

The following salts of organic acids were used: sodiun acetate,
benzoate, lithium lactate and lactate; and potassium oxalate and
tartrate. The results are shown in Tablegll.

Table 11.

Percentage weight changes

Salt Normality of solutions
0,0 rO,l | 0ell] 0.210,.20% G819 0.56:10.8 1._(_),'_ﬂ
Sodiun acetate 24.6 -- 112.7 | -—- 9.8 -- 10.6{ -- |24.8_
Sodium benzoate B DD ~-- 118.4 | --- |29.9} -- 9,41 --|-5.8
Sodium lactate(a) [26.0 -- 15,3 { --- |11.8} -- 7.6] -- 2.6
Sodium lactate(b) {29.9 |13.7{ -- 10.7! -- (10.1 -=14.7
Lithiun lactate(al}24.6 - | =3.1]| -- {-8.3]| -- -9.,91 -- -17 O
Lithium lactate(b)29.9 |11.5 -— 859 -=-1 3.5 -] - s
Potassium oxalate [|25.3 -- 115.,3 -—{14.7 -=-1 29.4] --] 33.2
Potassium tzrtrate |25.3 -- 118.5 -— (12,0 -- 26.5] --] 39.8

When the results were first obtained it was seen that the salts
which were used all gave results similar to the salts of inorganic
acids with the exception of -the lactates. The curve given by the
lactates showed & stcady drop with increasing concentration and
showed neither a minirum nor a maximum. As the salts were not of
Cs P. quality their purity was questioned, and it was found that they
both had an acid reaction. The dodium lactate was adjusted by means
of sodiun hydroxide to a pH of about 6 and the lithium lactate was
made more pure by repcated crystallization, until % also had a pH
of 6. In the table the original salts are d631bnpd by(&) and the
purified ones by (b). It can be seen that even when these salts
have a pH of 6, the curve is quite different than that given by the
other salts investigated. This is apparently due to the laotate
ion and no explenation can be offcred.

o

The effect of freezing on the weight changes.

Pieces of fish were frozen in brine and in air and then
soaked in salt solutions, Weights were determined after freezing ani
after periods o onc, two and three weeks. Weights of the fresh fish
before freezing are also given. Th%&esults are given in Table 12.
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Table 12.

Percentage weight changes

‘ Normality of solutions.
rine Frozen 0.0 Bl © 0.31 0.63 |[/1.25 2+50

2 1

Before freezing | 36.2 20.5 24.0 %5.2 { 26.8 15,8
Lfter freezing SOk 15.2 26.6 357.6 {82:0 18.6
1 week S0.4 0,9 80,2 8.6 [ 55.6 | S5%:6
2 weeks 24,9 11:5 1845 46.5 | 38.2 _ 41.0
3 weeks 1748 Bal 36.8 T0=5.1 7226 47.2
hir frozen
Before freezing | 36.2 20.5 24.0 3B8.2 | 26.8 15.8
After freezing 44,0 24:8 502 63.5 | 40,0 e i
1 weck 29.8 19.8 OBl 400 | 471 22,0
2 weeks 48,0 2651 2 i 47,8 1 44:5 2D e
3 weeks 4250 B0 512 A5 1 D94 29.8
Haddock fillet
brine frozen
6 mos., to 1 year| 3.3 6.3 1040 83.8 | 42.5 25.4

During the periods of storage the fish were kept in a cold
storgge foom at -18°C., The results of this experiment are not con-
sistent and nothing can be deduced from them, except that it nmight be
noticed that when the fish are imncrsed immediately after freezing,
those frozen slowly in air show a greater gain in weight than those
frozen in brine. This was noticed in some other experiments. The
storage does not seen to have a definite effecect on the weight change.
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